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© Terpolymers. 



© Novel N-vinyl pyrrolidone/acrylamrde/N-alkyl acrylamide terpolymers have the formula: 
(CH 2 -CH* W {CH 2 -CH* X — — ^CH 2 -CH) y 



CD 

in 

CM 



Q. 

IXjan 



N 



c=o 
I 

NH 2 



OO 
I 

NH 
I 



wherein w is 1 to 80 mole percent, preferably 10 to 70 mole percent x is 10 to 90 mole percent, preferably 
30 to 70 mole percent and y is 0.1 to 10.0 mole percent, preferably 0.2 to 3.0 mole percent; R is alkyl 
groups having 6 to 30 carbon atoms, preferably 8 to 18. 

The terpolymers are useful as improved viscosification agents for aqueous solutions containing, for example 
acid or a base or a salt. K ' 
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Terpolymers 

The present invention relates to novel terpolymers, which terpolymers have as a property the improved 
viscosification of an aqueous solution which may contain a high concentration of acid(s), base(s) or satt(s). 
The agents are suitable for use with, for example, brine solutions. 

The viscosification agents of the invention are normally water-soluble or water-dispersible. 

The present invention provides terpolymers of N-vinyl pyrrolidone/acrylamide/N-alkyl acrylamide 
wherein said terpolymers have the formula: 

(CH2-CH*v {CH 2 -CtH- x — • fCH 2 -CH) y 



N C=0 C=0 

I I 
NH 2 NH 

R 



wherein w is 1 to 80 mole percent, more preferably 5 to 75 mole percent, and most preferably 10 to 70 
mole percent; x is 10 to 90 mole percent more preferably 20 to 80 mole percent and most preferably 30 to 
70 mole percent and y is 6.1 to 10.0 mole percent, more preferably 0.15 to 5.0 mole percent, and most 
preferably 0.2 to 3.0 mole percent R is alkyl groups having 6 to 30 carbon atoms, more preferably 7 to 20 
and most preferably 8 to 18. 

The polymer molecular weights, as indicated by intrinsic viscosities and confirmed by 
sedimentation/light scattering, for the terpolymers of acrylamide/N-vinyl pyrrolidone/N-alkyl acrylamide is 
10 3 to 2x10 7 , more preferably 10* to 1.5x10 7 , and most preferably 10 5 to 5x10 s . The molecular weight of the 
terpolymers is determined from solution viscosity measurements via standard methods and confirmed by 
sedimentation/light scattering. Specifically, following the initial isolation of the water soluble terpolymers 
they are redissolved in salt water (e.g., 2% NaCI or 3% NaCI + 0.3% CaCb) to give solutions with known 
concentrations. The low shear viscosities of the solutions and the pure solvent were measured in a standard 
Contraves viscometer. Subsequently, the reduced viscosity is calculated through standard methods utilizing 
these values. Extrapolation to zero polymer concentration leads to the intrinsic viscosity of the polymer 
solution. The intrinsic viscosity is directly related to the molecular weight through the well-known Mark- 
Houwink relationship. 

fo] = KMo, where M is the intrinsic viscosity, M = molecular weight K and a are a function of polymer 
structure. 

The intrinsic viscosity of the terpolymers (.15% polymer, 3.0% NaCI, 0.3% CaCfe) at 1.28s" 1 is 5 to 20. 

The terpolymers, which are normally water soluble, of acrylamide/N-vinyl pyrrolidone/N-alkylacrylamide 
may be formed by a free radical terpolymerization in an aqueous medium which comprises the steps of 
forming a homogeneous mixture of acrylamide monomer, N-vinyl pyrrolidone monomer and N-al- 
kylacrylamide monomer in the presence of an alkyl or alkylarene sulfate or sulfonate, such as sodium lauryl 
sulfate (SDS), to help solubilize the N-alkylacrylamide in distilled water, wherein the total monomer 
concentration is preferably 1 to 40 grams of total monomer per 100 grams of water, more preferably 2 to 30 
and most preferably 5 to 20; SDS concentration is preferably 0.1-15 grams per 100 grams of water, more 
preferably from 0.2-10 grams per 100 grams of water, and most preferably0.8-7 grams per 100 grams of 
water; purging the reaction solution, preferably with nitrogen; heating the reaction solution to at least 10°C 
while maintaining the purge; adding sufficient free radical initiator of the proper decomposition temperature 
to initiate terpolymerization of the acrylamide monomer, the N-vinyl pyrrolidone monomer, and the N-alkyl 
acrylamide monomer; terpolymerizing said monomers of acrylamide, N-vinyl pyrrolidone and N-alkyl 
acrylamide monomer at a sufficient temperature and for a sufficient period of time to form said water 
soluble terpolymer; and recovering said terpolymer from said reaction solution. The terpolymers are 
normally water soluble products. 

The terpolymers of the present invention have un-expectedly high viscosification power, for example in 
brine solutions. 
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Terpolymerization of the acrylamide monomer. N-vinyl pyrrolidone monomer, and N-alkyl acrylamide 
monomer is preferably effected at a temperature of 10°C to 90°C, more preferably at 10°C to 70°C, and 
most preferably 20°C to 60°C for a period of time of preferably 1 to 24 hours, more preferably 2 to 10 
hours, and most preferably 3 to 8 hours. 
5 Although NVP monomer will dissolve substantial quantities of long chain N-alkylacrylamide monomers 
(e.g.. n-octylacrylamide), the addition of water and AM monomer often leads to a cloudy, nonhomogeneous 
reaction mixture. Addition of SDS clarifies the solution and solubilizes the hydrophobic monomer in the 
aqueous phase, thereby improving the process. Also, the use of SDS leads to a more gel-free product as 
judged by visual inspection. 

to A suitable method of recovery of a formed water soluble terpolymer from the aqueous reaction solution 
comprises precipitation in acetone, methanol, ethanol and the like. 

Suitable water or oil soluble free radical initiators for the free radical terpolymerization of the acrylamide 
monomers, the N-vinyl pyrrolidone. and the N-alkyl acrylamide monomer are selected from the group 
consisting of azo compounds, peroxides and persulfates. However, the preferred initiators are azo com- 

75 pounds, such as 2.2'-azobisisobutyronitrile (AIBN) (e.g.. DuPorrt's Vazo-W 1 *), ^-azobis (2-amidopropane) 
hydrochloride (Wako's V-50 R ), 2-t-butylazo-2-cyanopropane. Most preferred initiators are low temperature 
azo initiators, such as 2,2'azobis (2.4-dimethyl-4-methoxyvaleronitrile) (Dupont's Vazo-33 R ). The use of low 
temperature initiation and polymerization leads to higher polymer molecular weights. The concentration of 
the free radical initiator is preferably 0.001 to 2.0 grams of free radical initiator per 100 grams of total 

20 monomer, more preferably 0.01 to 1.0, and most preferably 0.05 to 0.1. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

25 The following Examples no-limrtatively illustrate the present invention. 

The following nomenclature will be used in the Examples; NVP-RAM = NVP/long chain N- 
alkylacrylamide/acrylamide terpolymer; NVP-AM = NVP/acrylamide copolymer PAM - polyacrylamide; 
SDS = sodium dodecyl sulfate. 

30 

Example 1 

Preparation of NVP-RAM Terpolymers (11044-63) 

as A 1.000 ml resin flask was fitted with a condenser, thermometer, stirrer (electric), and nitro-gen inlet and 
outlet. N-octylacrylamide (0.65 g). NVP (11.88 g) and acrylamide (17.47 g) in 470 g H2O were polymerized 
with 0.123 g AIBN in the presence of 1.7 g sodium dodecyl sulfate (SDS) at 45°C for 18 hours. This 
corresponds to a [M]/[l] 1/2 = 60 (monomer to initiator ratio) and total solids content of 6% in H2O. Although 
NVP helps solubilize octylacrylamides. the SDS further homogenizes and clarifies the reaction mixture. The 

40 resulting polymer solution was a soluble gel. It was passed through a meat grinder and diluted further with 
water to 1% concentration. The polymer solution was precipitated in 6 liters of acetone. Copolymers with 
various ratios of C* hydrophobe were prepared and their viscometrics are compared in Table I. The 
viscosificaion efficiency of the instant copolymers compared with the composition containing no hydrophobe 
(NVP/AM/CsAM = 30/70/0) is clearly evident. 
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TABLE I 

N-VINYL-PYRROLIDONE-ACRYLAMIDE-N- 
OCT YLACRYLAM I DE COPOLYME*RS 



Polymer .15% Polymer, 

Type 3.0% NaCI, 0.3% CaCl 2 

NVP/AM/C 8 AM(a) Brine Solution, CPS 

30/70/0 3.1(b) 

30/69.5/0.5 5.3 

30/69.25/0.75 6.8 

30/69.0/1.0 17.5 



(a) [M]/[I]l/2 = 60 

<b) » 7.02 dl/g in 2% NaCI 



Example 2 

(13006-59P, 60P.70) Effect of SDS in Tepolymerization 

The beneficial effect of SDS in the polymerization was demonstrated by preparing terpolymers of 
NVP/AM/C8AM with and without 1% SDS. The charged monomer compositions were NVP/AM/CsAM = 
60/39/1. Polymerizations were run at a [M]/[l] 1/2 = 60; total solids in aqueous solution were 18%; 
polymerizations were run at about 20°C. using Vazo-3 R initiator. The batch with the SDS was clearer during 
the polymerization than the batch without the SDS, indicating homogenation of the CsAM monomer. The 
products were precipitated from acetone and dried. Solution viscosities of the two polymers in 3.0% NaCI 
and 0.3% CaCI 2 brine were compared. The polymer using SDS had a viscosity of 9.1 cP at 1.28s * 1 , while 
the polymer prepared without SDS had a viscosity of only 3.2 cP at 128 s" 1 . 



Example 3 

The rate of base (OH**) catalyzed hydrolysis of NVP-RAM terpolymers compared to NVP/AM 
copolymers and PAM (polyacrylamide homopolymer) at 40°C is shown in Table II. Surprisingly, the NVP- 
RAM polymers with varying amounts of Cs (.5-1% Ca) show less hydrolysis than both RAM and PAM 
polymers known in the art (Table II). 
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TABLE II 

% HYDROLYSIS VERSUS TIME FOR TERPOLYMERS 
Hydrolysis 

Polymer Type Time, Hours (a) % Hydrolysis 



TO 



p AM 3 22.0 

6 22.5 
« 12 24.0 



RAM (1% C 8 AM) 3 14.0 

6 15.5 



20 



25 



30 



35 



12 17.0 

RAM -N VP (1% C 8 AM) 3 6.9 

6 6.4 

12 7.4 



Tal 40°C, ratio of moles of NaOH/moles polymer = 1/3. 

Comparative Example 

Preparation of NVP/AM/N-Cw AM Terpolymers 



For comparison of polymers of the present invention with known polymers disclosed in US-A-4 395 524 
the following Example was conducted to duplicate the 65AM/30NVP/5N-C«AM (weight percent) polymer of 

w Table VIII therein. This Example corresponds to a 75AM/23NVP/2 mole percent polymer a [Ml/TIT* = 340 
and a polymerization solids level of 10%. 

A 250 ml flask is equipped with a thermometer, condenser, air stir motor and an argon inlet tube 
Charge reactor with 15.0 g (.135 M) 1-vinyl-2-pyrrolidone. 2.94 g (.041 M) acrylamide. 0.76 g (36 x 10"3M) 
isomenc N-(n-decyl) acrylamide. 38.7 g ten butanol. 124.5 g deaerated HjO. Stir and heat mixture to 50'C 

45 while maintaining a subsurface argon surge. Add 0.38 g ammonium persulfate in 1.7 g HjO 34 g 
isopropanol. Increase reaction temperature to 80" an maintain in argon for 4 hours. Add 0.19 g ammonium 
persulfate and maintain at 80»C for 1 hour. Evaporate ten butanol on Rotovap. dilute cement with 100 ml 
methanol and precipitate into acetone. Soak precipitated solid in acetone over night isolate solid and 
vacuum dry. Yield is 29.4%. This polymer had a viscosity (.15% polymer. 3.0% NaCI. 0.30% CaCfe) of only 

50 0 91 cP at 1 - 28s " 3 ^scosity (.15% polymer. 3.0% NaCI. 0.30% CaCb) of 0.94 cP at 11. 0s"' This is 
clearly a product of much lower viscosification power than those produced by Examples 1 and 2 of the 
present invention. 
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Claims 

1 . A terpolymer having the formula 



5 



(CH 2 -CH*v {CH 2 -CH* X fCH 2 -CH) y 
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c=o c=o 

I I 

NH 2 NH 



wherein w is 1 to 80 mole percent, x is 10 to 90 mole percent; y is 0.1 to 10.0 mole percent; and R is an 
alkyl group having 6 to 30 carbon atoms. 

2. A terpolymer as claimed in claim 1, wherein w is 10 to 70 mole percent. 

3. A terpolymer as claimed in claim 1 or claim 2, wherein x is 30 to 70 mole percent 

4. A terpolymer as claimed in any preceding, claim, wherein y is 0.2 to 3.0 per mole percent. 

5. A terpolymer as claimed in any preceding claim, wherein R is an alkyl group of 8 to 18 carbon 
atoms. 

6. The use as a viscosiftcation agent of a terpolymer claimed in any preceding claim. 
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